The first successfully diagnosed and treated case of aortaright atrial tunnel was reported by Coto et al. in 1980 . The most common cause of aorta-right atrial tunnel is a ruptured aneurysm of the sinus of Valsalva. Sinus of Valsalva aneurysms had been reported as early as 1840 by Thurnam; these were diagnosed at autopsy. With the advances in radiology, many cases of aorta-right atrial tunnel have been reported since then, each with its own subtle variations.
As early as 1840, aneurysms of the sinus of Valsalva were described by Thurnam; these were diagnosed through autopsies. 1 The first successfully diagnosed and treated case of aorta-right atrial tunnel was reported by Coto et al. in 1980. 2 Initially, diagnosis was limited to echocardiography and cardiac catheterisation, but with the advent of 64-slice computed tomography (CT) angiography, diagnostic accuracy and accessibility has improved. We present here a unique case of aorta-right atrial tunnel with a windsock aneurysm in the right atrium, diagnosed with echocardiography and CT angiography and successfully treated with surgery.
Case report
A 55-year-old male patient presented with abdominal pain and was admitted to hospital for the treatment of a kidney stone. Two days after the stone was removed and a stent was placed, he complained again of severe abdominal pain, nausea and vomiting. He was thoroughly examined; the abdominal CT and ultrasound were normal. The cause of abdominal pain was due to a urinary tract infection, which he had contracted after the urinary tract stone was removed. The abdominal symptoms were unrelated to the cardiac findings. The chest radiograph, however, demonstrated cardiomegaly. He was then referred to a cardiologist.
The patient had no history of cardiac disease and reported no chest pain or palpitations. He had normal effort tolerance. In retrospect he recalled some ankle swelling during the afternoons and mild peri-orbital swelling during the mornings. His surgical history included a Nissen fundoplication.
A transthoracic echocardiogram demonstrated a large left atrium and left ventricle. No left ventricular hypertrophy was reported. Ejection fraction on M-mode was normal. A significant finding was an impression on the enlarged right atrium from a possible adjacent lesion.
The transoesophageal echocardiogram (TEE) confirmed normal valvular and left ventricular function. There was an aneurysm of the aortic sinus with a windsock in the right atrium, possibly increasing the pressure and volume in the right atrium (Figs 1-3) .
A CT angiogram was performed subsequent to the TEE. There was aneurysmal dilatation of the right coronary sinus with a tortuous dilated tunnel draining anteriorly into the right atrium. The distal end of the tunnel appeared to have a large sac/ windsock aneurysm, which protruded into the right atrium. The sac was not intact along its lateral border, forming a left-to-right shunt from the coronary sinus to the right atrium. There were extensive calcifications noted along the wall of the tunnel. The right coronary artery arose from the proximal part of the tunnel (Figs 4, 5) .
The patient was referred to the cardiothoracic surgeon for surgical repair of the aorta-right atrial tunnel, which was an incidental finding. The defect in the aorta was in the right coronary sinus and the lower border was approximately 4 mm from the aortic annulus (Fig. 6) . The aneurysm formed a windsock with more than one opening, all of which were in the right atrium.
The right atrium was opened and a retrograde cardioplegic cannula was placed in the coronary sinus. Retrograde cardioplegia was used due to the presence of the left-to-right shunt created by 
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AFRICA the aorta-right atrial tunnel. Anterograde cardioplegia was a less viable option while the shunt between the left and right side of the heart was still patent. The tunnel was approached and excised from both ends (Fig. 7) , and it was closed directly with bovine pericardium and prolene sutures at the proximal aorta and right atrium. The aortic annulus was not damaged during the surgery and no valvuloplasty was necessary.
There was a large saccular aneurysm in the right atrium. This was excised and the opening of the windsock was closed directly with sutures. There was no ventricular septal defect. The right coronary artery arose from the tunnel and had atherosclerosis around its origin, and when opened, the middle portion was also atherosclerotic. The right saphena magna vein was harvested for the bypass of the right coronary artery. It was not possible to re-implant the native right coronary osteum as it was too far removed from the ascending aorta. Therefore a distal end-to-side anastomosis was created between the graft and the right coronary artery.
The patient followed up with the cardiologist four weeks after surgery. All had gone well, and he reported no dizziness or dysrhythmia. The transthoracic echocardiogram was normal.
Discussion
Aorta-right atrial tunnel is an abnormal extra-cardiac vascular tunnel between any of the aortic sinuses and the right atrium. 3 The differential diagnosis includes ruptured aneurysm of the sinus of Valsalva, coronary arteriovenous fistula, rupture of a dissecting aneurysm of the ascending aorta into the right atrium, and pseudo-aneurysm of the right coronary artery followed by formation of a fistula between the aneurysm and right atrium. 2 A ruptured sinus of Valsalva aneurysm is by far the most common cause of aorta-right atrial tunnel. 3 Aneurysms of the sinus of Valsalva were first described by Thurman in 1840 and remain relatively rare. 1 The incidence of aneurysm of the sinus of Valsalva is reported to range between 0.1 and 3.5% of all congenital cardiac anomalies. Acquired sinus of Valsalva aneurysms occur less frequently and causative factors include degenerative diseases (atherosclerosis, connective tissue disorders and cystic media necrosis), infections (syphilis, bacterial or fungal endocarditis and tuberculosis), or thoracic trauma. 4 The aetiopathogenesis of congenital aneurysms is poorly understood. 5 The right coronary sinus and the non-coronary sinus arise embryologically from the fusion of the bulbar septum and truncal ridges. Incomplete fusion can result in aneurysm formation within the septum when subjected to long-standing systemic arterial pressure (left-to-right shunt). 6 Weakening of the aortic wall leads to rupture and the establishment of a fistulous tract that may communicate with any of the cardiac chambers, the right atrium being the most common.
3 This is also closely related to membranous ventricular septum. Ventricular septal defects occur simultaneously in approximately 40% of patients with congenital aneurysms. 4 The frequency of ruptured sinus of Valsalva aneurysm varies according to the location: 60% in the right sinus, 42% in the non-coronary sinus and only 10% in the left sinus. Aorta-right atrial tunnel can be classified according to the origin and course in relation to the ascending aorta, therefore termed anterior or posterior. 8 Sakakibara and Konno 10 proposed AFRICA a formal classification for sinus of Valsalva aneurysm, according to the coronary sinus affected and the area towards which they protrude or rupture (Table 1) . A true aortico-cameral connection may be difficult to differentiate from a coronary cameral fistula. Levy stresses the origin of the abnormal tunnel above and separate from the coronary orifice. 10 Bove and Schwartz, however, emphasise the separation of the orifice of the tunnel from the adjacent sinus of Valsalva by a small well-defined fibrous ridge. 11 In our case, the tunnel gave rise to the right main coronary artery.
To date, spontaneous closure of the aorta-right atrial tunnel has not been reported. The pressure that is created during a left-to-right shunt is too high to close spontaneously. Clinical presentation varies according to the degree of the left-to-right shunt, which can range from completely asymptomatic to symptoms related to the volume overload on the ventricles.
Surgical and percutaneous interventions are the main therapeutic options. Transcatheter closure of a tunnel is technically straightforward in the hands of an experienced interventionist. It is cost intensive, but has low peri-procedural risk. 12 Percutaneous intervention with a plug or coil is easiest when the coronary arteries arise separately from the tunnel.
Complications of prolonged patency of the tunnel include calcification of its wall, biventricular volume overload or aneurysmal expansion, congestive cardiac failure, pulmonary vascular disease, infective endocarditis, and higher mortality rate during surgery if the lesion is left uncorrected until the patient ages. 13 With regard to our patient, the CT angiogram demonstrated calcifications within the wall of the tunnel already.
Multiple aortico-cameral tunnels have been reported once previously in an elderly male patient. Transthoracic echocardiogram, transoesophageal echocardiogram and cardiac catheterisation revealed separate tunnels from the right coronary sinus to the left ventricle, right ventricle and right atrium. Surgery was performed successfully. 14 Mahesh et al. presented a case of pre-natal diagnosis of aorta-right atrial tunnel, subsequently treated with percutaneous coil embolisation.
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Diagnosis
Thurnam diagnosed all ruptured sinus of Valsalva aneurysms at autopsy. 1 In 1951, Venning was possibly the first to diagnose an acute rupture of an aneurysm of the sinus of Valsalva in life. 16 The first successfully diagnosed and treated case of aorta-right atrial tunnel was reported by Coto et al. in 1980. 2 Aneurysm of the sinus of Valsalva may be difficult to diagnose clinically, and echocardiography is usually the first step to diagnosis. 17 Two-dimensional echocardiography has been improved with the use of contrast, spectral Doppler and colourflow imaging. 4 It is non-invasive and easily accessible. Chaing and co-workers were able to accurately diagnose a ruptured sinus of Valsalva aneurysm in 58% of patients using two-dimensional echocardiography alone. The addition of intravenously injected bubble contrast improved the sensitivity to 75%.
One limitation of echocardiography is the inability to visualise the coronary anatomy. 4 Transoesophageal echocardiography is more sensitive than transthoracic echocardiography due to the probe's proximity to the relevant structures and it optimises echo graphic windows with distorted anatomy. 18 Ultrasound has improved markedly in the past 15 to 20 years. Three-dimensional echocardiography offers the ability to improve and expand the diagnostic capabilities of cardiac ultrasound. Serial two-dimensional images are obtained and three-dimensional data are reconstructed from this data set, thereby complimenting and supplementing two-dimensional cardiac imaging. Thus far it has been successfully applied to the detection and assessment of several anatomical cardiac defects. This method has not yet been specifically applied to the detection or imaging of aorta-right atrial tunnel. Further technological improvements and additional clinical studies will broaden the list of appropriate applications of this exciting new ultrasound modality. 19 Cardiac catheterisation and retrograde angiography have been considered necessary to differentiate these aneurysms from other cardiac anomalies, and also prove useful to map out the coronary arteries prior to surgery. 4 The high cost, and procedure-related morbidity and mortality associated with coronary angiography have motivated the search for alternatives to this invasive procedure. 20 In an article published by Goldberg in 1990, CT and magnetic resonance (MR) were not widely used. It was reported to be limited by prolonged imaging time, slice thickness, radiation and cost. 4 With the advent of 64-slice CT, cardiac CT has emerged as a useful diagnostic imaging modality for the assessment of cardiac anomalies. Imaging time has been cut down and the slices are thinner, allowing for accurate evaluation of the coronary arteries. CT angiography is now easily accessible in addition to it being non-invasive. A basic principle of radiation protection is to keep radiation exposure, 'as low as reasonably achievable' (ALARA). 21 Tossios et al. were the first to image and document aortaright atrial tunnel using cardiovascular magnetic resonance (CMR), which yielded excellent definition of the topographical anatomy of the tunnel with regard to its origin, course and termination. CMR angiography was an additional tool used to demonstrate blood flow and quantify the left-to-right shunt. 12 Therefore the combination of CMR and other modalities has improved the diagnostic precision of aorta-right atrial tunnel and has also assisted in ruling out other associated lesions, such as septal defects. 12 Prior to 2003, most cases of ruptured sinus of Valsalva aneurysms were diagnosed using echocardiography and cardiac catheterisation. Turkay et al. were the first to diagnose right coronary sinus tunnel to the right atrium using electron-beam tomography. 22 Tossios and Salehi were the first to diagnose aorta-right atrial tunnel using CMR.
12,18 Table 2 shows a descriptive summary of cases from 2003, diagnosed using electron-beam tomography, CT angiography and CMR.
Conclusion
Aorta-right atrial tunnel is a rare, congenital cardiac anomaly. The diagnosis can be improved using multi-modality imaging, and with the advent of live three-dimensional echocardiography, improved CT angiography and functional CMR, detailed non-invasive imaging may be a favourable adjunct to further treatment.
